Stroke and heart disease are leading causes of death, and stroke is a major cause of complex disability globally. 
review and meta-analysis consisting of 14 studies found a 33% increase in the risk of stroke incidence for those with perceived psychosocial stress. 3 Another meta-analysis indicated that depression significantly increases the risk of stroke, and that this increase may have been independent of other risk factors, including hypertension and diabetes. 4 Single studies have shown that apathy rather than depression has the stronger association with stroke. 5 Another study
showed that lower life satisfaction is associated with an increased risk of stroke, especially in women. 6 Furthermore, depression is associated with other psychosocial risk factors such as reduced social support, which in turn have been associated with stroke 7 and atherogenesis. 8 The mechanisms of action between psychosocial risk factors and stroke are not fully understood, but are likely to be multifaceted and include lifestyle factors (e.g., poor diet, smoking, alcohol use, and low physical activity) and physiological components (e.g., hypertension, diabetes mellitus, obesity, and inflammation), which may be mediated by psychological factors (e.g., depression, anxiety, loneliness, self-efficacy).
We conducted a systematic review and meta-analysis to explore the specific contribution of a variety of psychosocial risk factors to the risk of stroke and TIA. We used the broad categories of psychological (e.g., depression, anxiety, mood, stress, distress, life satisfaction, resilience, self-efficacy, selfesteem, schizophrenia), vocational (e.g., employment, work, job satisfaction, education, finance, poverty), behavioral (e.g., coping, challenging behavior, anger), interpersonal (e.g., emotional support, social support, isolation, life-changing events, loneliness, quality of life, social activity, leisure) and neuropsychological (e.g., language, aphasia, memory, visuospatial, executive function) to summarize our findings.
Search Strategy
Systematic searches of published papers indexed in MEDLINE, EMBASE, CINAHL, PsycINFO and Cochrane Database of Systematic Reviews between 2000 and January 2017 were undertaken using a strategy combining selected subject headings and keywords relating to psychosocial risk factors and stroke. The search strategy was developed for use in MEDLINE and amended for use in other databases. Manual searching of relevant systematic reviews and the reference lists of included studies was also performed. Only English language studies were included.
Study Selection
Two reviewers (from AC, CEL, JCL, KP, HS) independently screened titles and abstracts, where available, of bibliographic records retrieved. Full-text copies of potentially relevant studies were retrieved and assessed by two reviewers (from CEL, JCL, KP, HS). Study selection was undertaken using predetermined selection criteria to assess eligibility. Studies were included in the meta-analysis if they met all the following criteria: (1) cohort or case-control design; (2) exposure to one or more psychosocial factors, including psychological, vocational, behavioral, interpersonal, and neuropsychological; (3) use of adjusted models or matching procedures that controlled for at least one potential confounder; (4) reported risk estimates for stroke outcomes with 95% CI comparing participants who had experienced exposure to psychosocial risk factors to participants who had not experienced exposure to psychosocial risk factors, or who had experienced psychosocial risk factors to a lesser degree; and (5) study population consisted of only those without prior stroke at baseline (for cohort studies). A broad definition of stroke was adopted to include ischemic stroke, hemorrhagic stroke, subarachnoid hemorrhage, and TIA. Studies were excluded if (1) they reported only fatal strokes without reporting total incidence of stroke occurrence; (2) stroke occurrence was based only on self-report without confirmation using medical records; (3) cognition/ memory was the risk factor under study without any other psychosocial factor; (4) a composite construct of psychological distress was used (unless a measure of psychosocial stress could be extracted); or (5) there were fewer than 20 participants. Disagreements were resolved through discussion, with recourse to a third reviewer where necessary.
Data Extraction and Quality Appraisal
One reviewer (from MLH, CEL, JCL, KP, HS, AC) extracted data using a review-specific data extraction tool. Data to be extracted included details of study aim, study design and methods, study population including age and sex, psychosocial risk factors under investigation, stroke outcomes and measurement or confirmation method, number and type of confounders adjusted for, study limitations, and conclusions. Methodological quality was assessed using the National Institutes of Health (NIH) Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies.
9 A second reviewer (from CEL, JCL, KP, HS, AC) checked extracted data and quality assessment. Disagreements were resolved through discussion, with recourse to a third reviewer where necessary.
Data Synthesis
Studies were synthesized through a narrative review with tabulation of the outcomes from the included studies. Studies were classified into five groups: psychological, behavioral, vocational, interpersonal, and neuropsychological. Outcomes selected for synthesis were based on those available for all persons, all types of stroke, and those considered to characterize the type of psychosocial risk factor most accurately, and were made by consensus. Where studies presented outcomes only by subgroups, whether by population or type of stroke, these were included in the analysis and identified. For studies reporting risk estimates, a metaanalysis was performed to pool estimates of association. Random effects models were estimated given the likelihood of heterogeneity. Hazard ratios were used as the common risk estimate for cohort studies (relative risks [RR] were considered equivalent to HR), 3 and odds ratios (ORs) for case-control studies. Where cohort or case-control studies Systematic Review and Meta-Analysis of Psychosocial Risk Factors for Stroke Lightbody et al. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. 
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Interpersonal Factors
Eight cohort studies and two case-control studies examined the effects of interpersonal factors on the risk of stroke (►Fig. 5). The most common risk exposure was social support; major life events, social burden, and marital dissolution were also examined. Six cohort studies and a case-control study showed an increased risk of stroke for those with interpersonal risk factors. Two cohort studies and a casecontrol study identified an increased risk of stroke for those without the risk factor, 28,39,40 although for one cohort study 39 and a subgroup of the case-control study 40 Fig. 3 Forest plot of overall pooled adjusted effect estimate for risk of stroke in subjects exposed to vocational factors. CI, confidence interval; df, degrees of freedom; SE, standard error. Fig. 4 Forest plot of overall pooled adjusted effect estimate for risk of stroke in subjects exposed to behavioral factors. CI, confidence interval; df, degrees of freedom; SE, standard error. Fig. 5 Forest plot of overall pooled adjusted effect estimate for risk of stroke in subjects exposed to interpersonal factors. CI, confidence interval; df, degrees of freedom; SE, standard error. analyses that assessed the effects of excluding studies reporting different types of outcome measure (i.e., HR or OR) had no significant effect on the overall pooled estimates.
Publication Bias
Funnel plots for the meta-analysis of the effects of psychological risk factors on stroke appeared to be asymmetric, with both smaller studies and case-control studies presenting larger HRs identifying a risk associated with psychological factors than from cohort studies and larger studies. The funnel plots for the meta-analyses of vocational and interpersonal risk factors showed a tendency for smaller studies to report larger effects both in terms of a risk or no risk associated with the factor. As the funnel plot for studies assessing behavioral risk factors contained only two studies, no discernible pattern was evident.
Suggested Mechanisms
The most frequently suggested mechanisms for the association between a psychosocial factor and stroke were related to lifestyle factors (►Table 3), including smoking, physical inactivity, and alcohol intake. Lifestyle factors were suggested as a mechanism for psychological, vocational, and interpersonal processes. Physiological mechanisms were also repeatedly suggested for the association between psychosocial factors and stroke, particularly for the 
Discussion
The systematic review identified 46 studies, including 41 cohort studies and 5 case control studies. The included studies were varied with regard to the description and exposure to the psychosocial risk factor. Of the 46 studies assessing the effects of the different psychosocial risk factors on the occurrence of stroke, 30 examined psychological factors, 12 vocational, 10 interpersonal, and 2 behavioral risk factors. When meta-analyzed, the forest plots and pooled estimates showed that all the different psychosocial risk factors were independent risk factors for stroke, except behavioral factors. Psychological factors were shown to increase the risk of stroke by 39%, vocational by 35% and interpersonal by 16%. Although behavioral factors were shown to have limited effect on the risk of stroke, this was based on only two studies and encompassed considerable uncertainty. The meta-analyses were affected by substantial heterogeneity (I 2 ! 60%).Sensitivity analyses, excluding heterogeneous studies and subgroup analyses pooling studies by study design and/or type of risk measure, suggested that risk estimates were robust. Despite this, the pooled HR should be interpreted with some caution as the extent of the risk remains uncertain. Funnel plots showed that the meta-analyses of psychological, vocational, and interpersonal risk factors were affected by publication bias, whereas the plots for behavioral risk factors were less clear. Consideration needs to be given to the confounders. Whereas we only included studies that adjusted for potential confounders, some studies only adjusted for four, whereas others adjusted for 16. There was often a lack of information on important risk factors for stroke, such as hypertension, physical activity, atrial fibrillation, work-related factors, or environment. Therefore, the results may also have been affected by other unadjusted or unmeasured risk factors; hence caution is required when interpreting the results.
There is no accepted definition of a psychosocial risk factor. In this review we chose a broad definition, including psychological, vocational, behavioral, and interpersonal factors. Our comprehensive approach has led to a wide variety of risk factors being included even within a classification. For example, the psychological category includes depression, stress, life satisfaction, bipolar disorder, schizophrenia, dispositional pessimism and panic attacks; however, the common component was psychological. Comparability between studies was restricted, as the measures of the psychosocial exposure also varied greatly, with less than half the studies measuring the exposure with a validated assessment tool.
This was similar across all the different categories. This brings into question the validity of the psychosocial risk factor measurement. Furthermore, many of the studies did not undertake repeated measures, with some only measuring exposure at baseline; repeated measures may have given more reliable estimates of the risk factor and also stability of the risk factor over time.
Psychosocial risk factors may induce or enhance a future stroke through a range of mechanisms. It is postulated that various psychosocial risk factors, such as depression, stress, anger, and hostility, could trigger the sympathetic nervous system and the hypothalamic-pituitary-adrenocortical axis, activating inflammatory pathways, which in turn increase Creactive protein (CRP), fibrinogen, raise homocysteine and cortisol levels and interleukin; 53,54 these inflammatory markers have been related to stroke risk. [55] [56] [57] Extended exposure to these psychosocial factors can result in hypertension and an increase in free fatty acids, causing damage to the lining of the blood vessels and thus increased susceptibility to atherosclerosis. By identifying and controlling stress and depression or increasing social support, it may be possible to reduce the intensity or duration of these neuroendocrine responses and thus reduce the risk of stroke. However, evidence for an inflammatory pathway has not been supported in other studies where adjusting for these variables did not alter observed relationships. 18 Moreover, individual patient meta-analyses of some of these inflammatory markers such as CRP suggested that the association depended considerably on conventional risk factors and plasma fibrinogen. 56 Therefore, other deleterious factors such as smoking, poor diet, lack of exercise, obesity, poor adherence to treatment regimens, might increase the stroke risk. These lifestyle factors are associated with education level, poverty and job strain, as well as stress, depression and other mental health conditions. However, some studies that have controlled for these lifestyle factors have suggested that they are not a primary pathway through which stress and negative emotions contribute to subsequent stroke. 18 Thus, the precise mechanisms underlying the link between psychosocial factors and stroke remain unclear. Both behavioral (lifestyle behaviors) and biological (autonomic nervous system activity) mechanisms are reasonable. Our findings suggest that identifying people with psychosocial risk factors may provide the opportunity to reduce the future burden of stroke through the timely implementation of preventative strategies.
Limitations
This systematic review has certain strengths and limitations. The review was undertaken following methods that were defined a priori in a research protocol using recognized guidance. 58 A limitation of the review was the nature of the risk factors used in the included studies. As many of the studies included a range of factors within the same categories, decisions were made as to which should be included, potentially influencing the outcome of the review. In addition, studies used different definitions or measures for similar risk factors, which may have influenced the estimates from the studies. The studies included were affected by substantial heterogeneity, evident through the characteristics of the included studies. The review and meta-analysis synthesized studies including all people; men only or women only; age groups ranging from 18 to 100 years; all strokesischemic, hematological, and TIAs; different follow-up periods from 1 day to 35 years; different risk measures (HRs, RRs, and ORs) and study designs (cohort or case control) used; varying methodological quality; and different confounders within the analysis. In addition, the review was limited to English language studies and to evidence published after 2000.
Conclusion
Our results concur with other systematic reviews and metaanalyses that suggest psychosocial risk factors are moderately important risk factors for cardiovascular disease. Given the limitations of the systematic review and meta-analyses, interpretation of the meta-analyses should be undertaken with some caution. It is evident that the different psychosocial factors do have an effect on the risk of stroke; however, the extent of the effect and whether this would be considered a significant clinical effect is less clear.
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